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Variation of Heavy Mineral Percentages with Loading of Sand 
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Zircon Elongation-Frequency Distribution 
M-Garnet and J-Garnet Sends 
Garn.tif.rous sand from the basal beds of 
the Millstone Grit on the eastern margin 
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Zircon Elongation in the 1AndUath Granite and Surrounding Loins 
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Plate 9 
Haematite cement (above), calcareous cement below. 
In both the quartz grains appear to be 'floating' 
in the cement, indicating that the cements are 
primary precipitates. Corrosion and fracture of 





Sandstone in which the cement is of secondary 
mica developed from the clay original clay 
matrix. Biotite is most common (black) but 
there are also a few wisps of muscovite@ x40 
Limonite cement showing ser.gation of the 
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Sandstones with a .ilio.oue cement* In the upper 
photograph the cement is of oryptoorystalline sil-
ica. Note the typical strained and polygranular 
quarts. The lower photograph shows characteristic 




Quartz grains in a haematite cement. 
Note corrosion and fracturing of the 
grains. The large grain (top left) 
shows irregularly arranged trains of 
inclusions. x 2 5 
Corrosion in a clay matrix. On the 
right is a fragment of an albite and 






Part of a typical large crystal of 
microperthits showing inclusions 
of quartz* x90 
Miorocline-mioroperthic grain whose 
boundaries with the adjacent quartz 
grains are sutured. x60 

Plate 4 
Typical secondary growth and suturing 
of the quartz grains of thoue sand-
stones with little or no cement. 
4, 
Plate 3 
Quarts grain showing incipient development 
of apparent twinning as a result of strain. 
Buckling and fracture of perthitic lamella.. 




Pebble of quartz showing mortar structure as a 
result of intense mechanical deformation. x75 
Fragment of fine schistose grit. x35 
2. 
Plate I 
Typical coarse sandstone with included 
fragments of mudetons which suggest 
erosion of nearby sediments. x' 

Plate 10 
Dairadian eohietoee grits showing the same 
type of strained and polygranular quartz 
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£ffect of shift of origin on the various methods of determining mean azimuth of preferred 
orientation and the relation of these azimuths to the current-bedding direction 
Slide 	Mode 	Mode 	Mode 	Mean 	Mean 	Mean 	1+11 	M+M 1 Rea.Vector R.a.V.ctor Current 
No. O0origin 150origin 15°  inter- 0°origin 150origin 150inter-O0origin 1orign 0°origin 150origin Bedding 
val 	 Ta]. 
180 	176.5 	 180 	174.5 	185 	180.5 
of 	180 	165 	172.5 
1 178 R 3.5 1 177.5 R 5.5 U 182.5 R 4.5 
90 90 90 89 89 76 
80 	90 	90 	82.5 
U 	90 90.5 1 	89.5 - R 13 R 	0 R 	1 U 	82.5 
166 7 	180 	165 	187.5 171 169 	
171.5 176.5 141 150 
U 168.5 R 	5 1 174 R 	5 1 145.5 R 	9 
182.5 191 184.5 188.5 170 186 
03 	180 	195 	187.5 	M 186.5 182.5 1 186.5 R 16 	85° R 	8.5 R 	4 1118 
210 
27 	210 	225 	217.5 
222 
189 
208 200 1 33.5 168.5 	
211 
U 216 R 	12 1 204 B 	8 U 151 B 35 
153 
VI 	150 	165 	17.5 
156.5 
155 
153 157.5 170 178 
1560 
If 154.5 B 	3.5 1 155 B 	4.5 * 174 B 	8 
252 	251 	 253 	251 	235 	236 
114 	270 	285 	2775 U 251.5 B 1 250 	1252 B 2 1 235.5 B  1 	261° 
	
1 2.9° 	 4.80 	 -- -- 	 4.5° 	 12.4° 
5.2" 	14.8 	 3.90 	6.90 3.6 	6.5 	33.1 	22.6 
Departure 
from C.B. 	10.0° 5.4 ° 
	
9.00 	 27.80 
Table 2 
Variation in Orientation Pattern with Distance 
Max. 
Scale of 	No. Variation in Variation in 	General 
Co.pariaor of Mean Azimuth 	End Effect Configuration 
Oboe 
Same Bedding Plan. 	
3 	




Saji. Bedding Plane 	
5 	i° 	 14.5 	similar 
10 cma.apart 
Different Bedding 




Characteristic Median Grain-sizes and Sorting Co-Efficients 
of Different Grain-size Distribution Types 
P 	P-S 	PM 	I 	I-S 	1-C 	 W 	B 
	
Type Type Type Type Type Typs Type Type 
Coarse 	lid 1 50 	Id 	Id 200 	Md 180- 	 Id 240 	Rd 230 	Id 75
240 M 
1 	75 1 	1 	60 1 	35 	 1 	50 1 	56 1 	125 
Id 270 	Id 240- Id 280 	Rd 285 Id 280 Md 230 
300 
112 	I 52 	2 	40 
50 12C 80 80 B 2 	150 
Md 300 Md 300 Md 320 Id 300 








Median Size $ Units 
Lower Millstone Grit 	 Upper Millstone Grit 
Locality Mean Stan- Coefficient Mean Stan- Coefficient Significance 
dard 	of 	 dard 	of 	 of 
Devi- Variance Devi- Variance Difference 
ation 	 ation 
Clackmannan 208 57.8 	27.8 	227 46.3 	20.4 	N.S. 
Stirling 	249 27.5 	1100 	234 24.2 	10.3 	N.S. 
Linlithgow 258 15.3 5.9 308 4.0 1.3 Significant 
West Lothian 273 38.4 14.1 249 39.4 1.8 N.S. 
Levenasat 240 62.4 26.0 283 4.3 1.5 N.S. 
Glasgow 162 85.6 52.8 189 6.0 3.2 N.S. 
Newmains 237 11.8 5.0 
Lanark 252 46.0 18.3 
South Lanark 257 8.2 3.2 264 9.0 3.4 N.S. 
East Fife 245 1 3.0 5.3 245 21.0 8.6 NS. 
Midlothian 	199 79.6 	40.0 	243 72.0 	29.6 	N.8. 
Table 
Sorting Coefficient 
Lower Millstone Grit 	 Upper Millstone Grit 
Locality Mean Stan- Coefficient Mean Stan- Coefficient Significance 
dard 	of 	 dard 	of 	 of 
Devi- Variance Devi- Variance Difference 
ation 	 ation 
Clacknannan 89 29.5 	33.3 	52 17.7 	32.7 	Significant 
Stirling 63 12.3 19.5 40 6.7 16.7 significant 
Linlithgow 40 10.0 25.0 41 1.5 3.7 N.S. 
West Lothian 93 	31.6 	34.0 48 12.7 26.5 Significant 
Levonecat 	50 	10.7 	21.4 56 2.2 3.9 N.S. 
Glasgow 	108 	48.0 	44.5 62 3.0 4.5 N.S. 
Newmaina 41 6.4 15.6 W.S. 
Lanark 	 86 45.3 	52.8 	 B . S. 
South Lanark 58 22.9 39.5 43 17.3 40.2 N.S. 
..8ut Fife 51 6 11.E 41 9.1 22.3 N.. 
idlothi&n 86 37.2 43.2 78 33.4 42.8 N.S. 
Table 6 
Skewness Coefficient 
Lower Millstone Grit 	 Upper Millstone Grit 
Locality 	Mien 	Standard 	Mean 	Standard Signifioanci 
Deviation 
Deviation Difference 
Clackmennan 	26 	23.0 	 9 	15.5 	SignifiOa 
Stirling 	 28 	13.7 	10 	6.1 	Signifioar 
Linlithgow 	14 	9.0 	2 	1.0 	Sinificar, 
West Lothian 	39 	22.0 	17 	23.1 	N.S. 
Levenseat 	 0 	11.9 	12 	2.4 	N.S. 
Glasgow 	 17 	26.2 	7 	4.0 	N.8. 
Newmaina 	 18 	8.8 	B.S. 
Lanark 	 39 	14.7 	N.80 
outh Lanark 	17 	3.5 	40 	6.8 	Significari 
ast Fife 	25 	9.0 	10 	15.2 	NS. 
idlothian 	26 	23.7 	26 	13.9 	N. S. 
Table 7 
Mineral assemblages of the Millstone Grit sediment- petrographic province 
Brown 
Zr. Tow Rut- rut- Garnet Mon. Sphens Ep. Staur. Fluor. Apatite Others 
ii. ii. 
C Zircon 73 8 9 1 0 1 1 1 0 0 0 6 
K Rutil. 70 6 4 9 1 0 2 1 0 0 0 7 
0 Rutile 40 3 35 2 6 3 0 4 1 0 2 4 
L Tourina- 40 30 20 0 3 1 0 0 0 1 1 4 
line 
F Zircon 70 8 10 1 0 5 0 0 0 0 0 6 
11 Garnet 10 2 13 0 65 4 1 0 1 0 2 2 
H Garnet 45 9 7 2 32 0 0 1 0 0 0 4 
J Garnet 25 2 12 1 55 2 1 0 0 0 0 2 
Table 8 
Median rain-aige of minerals in different assemblages 
Zircon 	Rutil. 	Garnet 	Epidote 
C. Zircon 	 50 	 65 	 150 	 80 
K. Rutile 	 50 	 70 	155 	 - 
G. Rutil. 80 115 180 	 240 
 Tourmaline 50 75 200 	 - 
 Garnet 75 90 175 	 - 
F Zircon 	 55 	 65 	 - 	 85 
Table 9 
Izioluionø in Quarts 
a) Millstone Grit aai4atonsa 
Type 	 a 	f 	0 	 r 	n 
Regular 0 	29 27 8 2 
Globular 18 	32 12 3 0 
Acicular 0 	6 10 11 38 
Irregular 2 	25 28 10 0 
b) 	Upper Limestone Group sandstones 
Regular 0 	2 2 	1 0 
Globular 1 	3 1 	0 0 
&oioular 0 	0 0 	1 4 
Irregular 0 	2 3 	0 0 
lyn 
a w abundant 
f 	frequent 
C - common 
r - rare 
U - none 
Table 1 
Quartz Elongation 
Rock Type 	 Mean 	 Mod. 	Standard 
Deviation 
Granite 1.43 1 .30 0.33 
Schist 1.75 1.50 0.50 
Schistose Grit 1.77 1.50 0.57 
Millstone Grit sands 
 1.74 1.50 0.47 
 1.77 1 .50 0.58 
30 1.74 1 .50 0.43 
40 1.69 1.50 0.40 
5. 1.67 1.50 0.44 
Table 11 
Zircon 
Rook Type 	 Elongation 	 Locality 
Cuartzits 1 .55 Ceylon 
uartzite 1.70 Kaaien 
Quarts Schist 1.65 N.uaberg 
Biotite Gneiss 1.85 Ceylon 
Pink Gneiss 1.70 Kakamas 
Granodiorthic Gneiss 2.20 Kakamaa 
Charnookit. 1.80 Ceylon 
Granite 2.50 Ceylon 
Granites 2.40 South Africa 
Pegmatite 3.20 Main. 
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Station Median Curve Type 
3 1.99 0.41 0.12 ml 
9 2.43 0.42 0.14 W I 
111 2.50 0.48 0.26 m l 
17 2.11 0.39 0.03 Ml 
18 1 .92 0.40 -0005 M 1 C 
20 3.21 0.88 0.38 BU  
26 2.15 0.30 0.00 
30 2.20 0.60 0.10 FM,1 
34 2.32 0.56 0.09 wl 
79 2.28 0.44 0.14 U 1 
42 2.89 0.37 0.12 U2 
62 2.12 0.32 0.09 U1 
64 1.77 0.75 0.60 Fl 
66 2.11 0.36 0.10 U1 
67 2.23 0.52 0.52 FM1 
73 2.26 0.53 0.21 FM 1 
80 1.93 0.61 0.07 FM1 
84 2.32 0.56 0.04 FM1 
89 2.26 0.50 -0.02 FM1 
92 2.37 0.44 0.07 U1 
104 2.28 0.69 0.54 M 1 C 
105 2.59 1.48 0.67 m 2 
107 2.71 0.44 0.18 U2 
108 2.71 0.40 0.14 U2 
Station Median ci- Curve Type 
109 2.62 0.63 0.07 
110 2.65 0.36 0.15 M2 
112 2.23 0.29 0.14 Ml 
113 2.54 0.30 -0.05 
115 3.30 0.80 0.10 W3 
117 2.48 0.34 0.24 
119 3.04 0.39 0.02 M3 
120 3.12 0.42 0.02 M3 
122 2.70 0.40 0.25 
124 2.50 1.26 0.56 Bid 2S 
127 2.33 0.41 0.56 M 1 C 
129 2.20 0.40 0.23 ml 
131 2.58 0.65 0.42 Ml 
133 1.96 0.71 -0.17 F1 
154 2.45 1.23 0.52 BM 2 
135 3.00 0.46 0.02 
137 0.98 0.74 -0.04 F1 
140 3.15 0.95 0.33 M28 
141 2.44 0.29 0.10 
147 1.82 0.58 0.01 Fml 
149 1.62 0.56 -0.07 F1 
1 52 2.94 0.50 0.06 
154 3.12 0.64 -0.19 BM  
156 1.73 0.55 -0.09 F1 
Station Median Curve Type 
158 1.16 1.09 0.05 B 1 
160 2.87 0.54 0.17 U2 
161 2.85 0.55 0.13 U2 
162 3.12 0.55 0.22 U3 
165 2.77 0.59 -0.04 
167 2.50 0.46 0.21 U2 
173 2.41 0.41 0.21 U1 
176 2.25 0.45 0.40 mic 
180 2.53 0.40 0.04 U2 
187 2.30 0.88 048 FUC 
188 2.39 0.5 1 0.24 U2 
190 2.45 0.42 0.14 
194 2.21 0.31 0011 Ml 
195 2.19 0.29 0.14 U1 
196 3.05 1.19 0.5 1 M 2C 
197 2.24 1.64 0.58 B2 
198 1971 0.26 0.27 U2 
200 2.66 0.63 0.43 
202 3.05 0.98 0.38 
203 2.42 0.53 0.11 Ml 
204 1.64 1101 0.43 B 1 C 
205 2 .58 0.55 0.13 U2 
206 2.47 0.89 0.21 F1 8 
207 2.64 0.43 0040 
station 
	
Median 	 0/1 Curve Type 
2.67 0.49 0.17 U2 
2.26 o.6o 0.43 MI C 
2.37 0.40 0.38 
3.01 0.72 0.33 
2.37 0.40 0.10 N 1 
2.21 0.75 0.25 Fu l 
1.91 0.42 0.08 U,1 
2.43 0.36 0.26 M I 
2.46 0.78 0.59 M2C 
2.87 0.48 0.14 
2.51 0.76 0.31 
2.04 0.49 0.05 U1 
2.34 0.35 0.23 U1 
2.27 0.61 0.15 FM,1 
2.56 0.63 0.25 1125 
2.34 0.32 0.09 N1 
2.27 0.43 0.12 U1 
2.98 0.63 0.06 M28 
2.24 0.28 0.11 Ml 
2.50 0.35 0.09 U2 
3.12 1.04 0.37 M3B 
2.05 0.44 -0.23 M1 C 
1.51 1.14 0.03 B 1 

























Station Median Curve Type 
262 0.63 1.65 0.52 B 1 
263 1,63 0.59 0.11 F1 
266 2.59 0.45 0.14 N2 
268 2.12 0.27 -0.18 U1 
210 2.44 0.38 024 N2 
271 2.55 0.59 0.23 U2 
274 2.69 0 , 40 0.11 U2 
276 2 .32 0.57 0.37 M1 C 
277 245 1,44 0.46 BM1 C 
278 0.36 1,23 0,26 B1 
279 2.77 059 0,19 N2 
280 2,46 0.42 0.3 1 N 1 
281 0.86 1 .43 0.5 1 B 1 
282 1.14 1 .35 0.02 B 1 
283 230 0.48 010 U.1 
284 2.71 0.35 0.02 U2 
285 256 0.55 0.38 B12 
286 2.71 0.50 0.30 U2 
287 1.73 1.22 0.39 B 1 
288 274 0.35 0.13 U2 
289 2.05 0.56 0.09 Fm 1 
291 2.16 0.78 0.3 1 :M 1 C 
292 3.40 0.77 0.53 U? 
293 0.64 1.14 0.61 BM  
Station Median Curve Type 
294 339 0.64 0.45 
295 2.69 0.55 0.16 
297 2.07 1.15 -0.15 B 1 
298 1480 0.67 0.05 F1 
302 2.10 0.52 0.12 Fm  
303 3.12 1.07 0.25 
304 3.05 1.04 0.38 
Bog.ide No. 4 
Depth Median Curve Type 
95 2.36 0.38 0.17 M 
99 1.45 0.86 -0.14 F1 
115 1.63 1.21 -0.19 B 1 
135 2.32 0.32 -0.09 ml 
145 2.64 0.33 0.11 
174 2.57 0.40 0.25 U2 
200 2.14 0040 -0.06 U1 
210 1.46 0.66 0.10 Fl  
250 2.18 0.47 0.04 ml 
295 2.85 0.62 0.17 U2 
375 1.73 0.54 -0.02 FM.1 
387 1.27 0.65 -0.07 F1 
401 2 .93 0.39 0.11 
427 2.78 0.39 0.11 U2 
455 2.87 0.81 0.47 
478 2.52 0.59 0.12 
495 2.79 0.66 0.12 U2 
600 2.10 0.70 0.08 Fm  
645 2.41 0.62 0.15 M1 C 
670 2.84 0.45 0.18 U2 
699 1.76 0.92 0.19 F1 
724 1.97 1.26 -0.02 B 1 C 
727 1.49 1.18 0.21 B1C 
Depth Median Curve Typo 
742 038 125 0.48 B 1 
755 1,,96 0.42 0.12 U1 
769 301 1.00 0.38 BM2C 
702 274 0.52 -0.04 P112 
785 0.90 0.21 FM1 
APPENDIX II 
MICROMETRIC ANALYSIS OF MILLSTONE GRIT SANDSTONES 
Stn. Quartz QuartzMicro- Plagio- Ortho- Quartz- Chart MUBC- Cal- Iron Clay 
Cline Class clsa.& its 	 ovite cite ores Mat- 
rix 
133 18 1 0 48.6 0.1 0.3 0.4 14.9 0.2 096 0.4 16.5 
158 19.0 64.2 0.9 0.9 4.7 9.0 100 0.3 
260 11.5 29.4 0.8 1.7 2.3 21.0 1.2 28.2 
262 14.6 37.4 1.1 2.2 0.7 18.0 3.2 0.1 2.3 20.2 
278 4.7 47.3 0.0 1.2 4.6 26.0 1.5 14.2 
287 10.0 40.3 5.3 1.7 5.0 18.7 0.1 2.2 16.7 
293 10.6 54.1 0.6 1.2 3.1 21.7 0.2 8.5 
300 9.6 55.1 0.2 25.8 0.2 29.3 
Dogei&• No. 4 
Depth. ft. 
95 20.5 70.4 0.7 1.4 0.4 2.5 0.4 1.7 3.2 
99 26.0 50.8 0.4 0.3 1.3 18.3 0.5 0.4 118 
115 23.1 50.5 0. 1.4 3.4 18.2 0.5 0.5 1.0 
135 15.3 71.0 0.7 2.3 0.3 1.9 1.5 7.1 
174 23.9 67.9 0.8 2.0 3.1 0.4 1.2 0.8 
250 55.9 36.2 1.3 1.3 1.2 2.0 0.1 1.4 0.6 
401 37.0 55.2 2.8 1.9 1.7 0.3 1.1 1.0 
478 36.9 51.0 0.9 0.9 3.6 0.6 0.5 4.7 0.9 
670 53.5 50.0 1.5 005 0.5 0.2 0.8 1.0 11.5 0.5 
699 60.0 28.3 20 0.7 1.7 0.7 1.0 0.7 3.3 1.3 
742 1309 43.0 0.7 0.6 7.0 26.6 4.4 0.2 3.6 
769 32.5 540 0.5 1.6 0.3 4.1 0.1 100 5.2 0.5 
785 25.2 61.2 1.9 009 0.6 6.0 0.5 2.5 0.6 
800 26.3 59.2 1.1 1.6 1.8 0.4 0.5 28.2 0.5 
830 30.7 27.5 1.5 3.3 3.0 0.3 0.5 53.3 0.2 
APPENDIX III 
HEAVY MINERAL CONTENT OF MILLSTONE GRIT SANDSTONES 




















B Zircon C Tourmaline D Rutile 
Stn. A 1 2 3 1 2 3 1 2 E P 0 H 	J 	K L 	M 
1 65 72 3 1 6 2 111 1 3 
2 41 72 4 3 4 1 1 101 1 1 2 
3 75 72 3 1 5 2 10 1 1? 	3 2 
4 48744242 1 91 2 1 
5 3673435 11 7111 1P 	2 
6 28 70 3 2 2 1 1 153 2 1 
7 90622 52 1 191 3 1 2 1 
8 49702141 153 21 1 
9 22 81 4 3 2 1 1 42 1 1 
10 80 70 3 2 8 3 1 8 1 
11 29 26 1 1 1 7 2 61 1 
111 31 82 4 2 1 1 7 1 1 1 
12 109734364 1 71 1 
13 78 71 2 2 2 1 133 1 1 2 2 
14 87 82 2 1 2 1 71 1 1 1 1 
15 4873435 1 81121 1 
16 173713154 9 6 1 
17 18794411 91 1 
18 71 71 2 1 4 1 1 134 1 1 1 
19 5781 521 7164 91 1 
20 25 68 3 1 1 8 3 15 1 
21 71 30 2 1 2 1 1 10151 1 
I • 
B Zircon C Tourmaline D Rutile 
Stn. A 1 2 3 1 2 3 1 2 E F 0 H 	.1 	XC L LI 
22 34 80 3 1 1 1 62 1 2 1 
23 61 62 4 2 12 5 2 8 1 1 2 3 
24 74 71 3 4 4 2 1 9 3 2 1 
25 9271422 6 4 2 
26 32 85 1 2 1 1 4 1 1 2 IF 	1 
27 79742 1 32 7 1 17 1 1 
28 487553 1 192 13 
29 41 81 4 2 2 1 6 1 1 1 
30 6477244117 1 3 
31 73744352 821 1. 
32 78725452 91 1 1 
33 68734251 191 1 1 2 
34 42 703,541191 13 2 
35 50 78 3 1 1 1 9 1 1 1 2 2" 1 
24 78 2 2 3 1 1 8 1 1 1 2 
56 78 3 221 71 3 21 
38 91 73 6 2 2 1 8 3 1 1 1 2 
39 5570 43 6 2192 1 1 1 
40 36 80 6 4 1 1 5 1 1 1 
(1 69703682 38 
42 46 754452 45 1 
59 5215113111 569 3 
60 436443111576 3 2 3 
61 30 82 4  2 2 1 5 1 1 2 
B Zircon C Tourmaline D Rutile 
Stn. A 1 2 3 1 2 3 1 2 E I? C H 	J 	K L 	ri 
62 50518417448 111 1 
63 1963451 63 132 2 1 
64 48473374 481411 71 
65 28674631125222 5 
66 91675653 1 6 1 3 111 
67 102 18 2 113 7 214 237 1 3 
68 54753 11111221  3 
69 41 81 1 1 2 2 1 9 1 1 1 
70 10377 1 3 8 3 1 3 2 1 1 
71 170 703 1 10 3 1 9 3 
72 7261538429 21 4 1 
73 347344411511 4 2 1 
74 27 76 2 2 5 1 1 82 1 1 1 
75 6365439427 1 1. 3 1 
76 55 74 3 262181 1 2 
77 32 81 3 2 3 1 1 7 1 2 
78 606233 154 18 1 3 
79 26763331191 1 3 
80 1 4 80 2 2 1 9 2 1 1 1 1 
81 37067434 1 12 3 6 
82 156573342 1 1435 2 6 
83 7776 223 1110 2 3 
84 69 743 2 5 2 1 11 2 
B Zircon C Tourmaline D Rutile 
5th. 1 2 3 1 2 3 1 2 B F 0 H 	J 	K L ti 
05. 25 62 1 1 2 1 1513 1 1 .3 
06 120 56 1 3910 512 1 1 1 1 
87 74684376181 1 1 
86 51681 2 8 3 1 8 1 1 1 4 1 1 
89 657133421101 3 21 
90 122 76 1  3 1 2 1 7 1 1 2 4 1 
91 119 56 5 5 12 3 4 9 1 1 2 2 
92 27735452 1 5 2 1 11 
93 4873335 11 7 1 12 12 
104 67 14 1 1 10 2 1 14 2 50 4 	1 
105 9366353 2 6227 1 	2 1 
106 808 61 1 1 3 5 20 5 4 
107 116 61 7 3 8 3 3 11 3 1 
108 107 51 5 4 14 4 1 11 2 1 1 2 3 1 
109 12 85 3 1 1 8 1 1 
110 177 1 651 11 5 15 13 
111 30745331 1 7 12 12 
112 38 77 3 1 2 1 11 1 1 2 1 
113 64 61 3 4 8 2 1 12 1 4 2 1 
114 59 633402114 2 21 
115 566733 8111 4 1 11 
116 98 652351 5 343 17 1 







1 	2 	3 
D Rutile 
1 	2 E P G 	H J K L 1i 
118 38 85 2 4 1 1 4 1 1 1 
119 70 68 6 4 5 2 12 2 1 
120 26 82 3 4 1 1 6 1 1 1 
121 255 59 4 3 11 9 12 2 
122 39 70 3 3 6 2 1 11 1 1 1 1 
123 373 6 642 8 1 
124 6663252 1 101543 22 2 
125 87656142 182 2 
126 74 75 3 2 4 1 11 1 1 1  1 
127 33633 421 5 1 1? 
128 100 31 4 2 13 4 4 23 1 16 1 A I 
129 84 69 4 2 8 2 101 2 2 
130 68663 2 8 4 1 8 1 2 1 2 2 
131 124 40 4 2 10 4 4 19 4 8 1 P 4 
132 52695652 1 8 1 2 1 
133' 75 62 8 4 9 2 1 5 2 1  2 1 3 
134 226 38 6 3 12 4 3 20 2 7 i P 3 1 
135 76585463 1161 3 3 
16 80624373 1 161 1 2 
137 85 233 1123139 7 1  7 3 
130 87 50 2 2 12 11 2 8 4 IA 6 2 
139 74 63 4 284 1 6 1 422 
140 76 '58 7 2 8 2 1 11 I 1 A 5 2 2 
141 56 53 6 4 16 5 1 12 1 1 1 
B Zircon C Tourmaline D Rutile 
Stn. J 1 2 3 1 2 3 1 2 E W 	OH .1 K Lii 
142 88 54 7 411 4 112 1 1 3 I I 
143 144617383 11 3 1 111 
144 68694442 12 122 
145 50686 362 11 1A 1 1 
146 6965239419.1 222 
147 56 50 2 2 15 11 311 2 1 1 2 
148 1314394164 111 1 1 P 2 233 
149 25 1 46 7 1 18 8 1 10 1 A 3 5 
150 103 65 9 6 4 1 1 11 . 1 1 1 
151 77 61 8 5 4 2 1 14 1 1 1 1 	 2 
152 506784 22114 2 
153 373 16 1 4 38 11 25 2 1 2 
154 164 54 2 6 7 4 1 17 1 1 5 2 
155 7865327 1 20 1 1 
156 115 46 2 4 12 6 21 3 3 3 69 
157 82 61 4 2 7 2 121 1 442 
158 104 53 3 1 10 7 2 9 4 1 P 1  522 
159 58648332 1 9 11 3 23 
160 6770426217 1 322 
161 66495293 11 3 11 4 11 2 
162 6469336311011 21 
163 59674244 11 0 1 1 42 







1 	2 	3 
D Rutilo 
1 	2 12 P 0 H 	J 	U L U 
165 1296412 86 3 8 5 1 1 1 
166 217934 11 72 11 1 
167 30 78 3 2 3 1 8 1 1 1 1 1 
168 41 80 1 1 3 2 8 1 1 1 1 1 
169 11 4 6953 61 51 82 
170 11 3 72  4 352171 312 
171 48 67 4 2 6 2 11 1 1P 	3 2 1 
172 107665 3 10 2 1 8 2 1 2 
173 476942721111 21 
174 36755141 1 9 11 11 
175 1005744 14428 331 
176 59 22 1 1 3 2 1 8 2 46 1 1 P 10 	1 1 
177 8261429428 46 
178 566532 52111 1 1P 	45 
179 78683 1 7 3 112 1 1 1 - 1 1 
180 76623365 11 0 1 27 
181 47 71 4 252171 151 
182 85 64 3 1 8 2 112 1 1 6 1 
183 59 69 5  2 5 2 210 1 1 2 1 1 
184 7266 428328 1 1 32 
185 61 73 5 2331 9 2 2 
186 6556 55932 1 3 1 1 221 
187 28491431126325 2 3 
B Zircon C Touroaline D flutilo 
5th. A 1 2 3 1 2 3 1 2 M H 	J K L U 
108 39735332 101 1 1 1 
189 4470433 111 3 1 211 
190 4870324 1114 1 1 3 
191 7561 55 6 2 113 1 222 
192 50 69 3 43 1 114 1 1  I I I 
193 85644411418 1 111 
194 7059439429 1 11 322 
195 252 64 3 473111 1 421 
196 438 34 4 3 6 3 1 14 2 22 1 1 6 3 
197 46 28 2 2 5 3 1 17 2 37 1 1 1 
198 36531 3 18 4 1 7230 1 9 3 
199 75 69 4 1 32 1 112 31 3 
2001 274 46 4 3 4 2 1 20 5 14 1 P 
200 235 53 6 3 5 1 1 13 2 9 1 1 5 
201 262 66 1 1 5 3 1 11 1 7 1 3 
202 436 40 4 2 4 2 1 7 2 37 1 
203 72 79 4 2 2 2 4 1 1 1  3 1 
204 606 39 3 2 8 3 1 10 2 23 1 8 
205 9771 3343 1 11 1 1 1 1 
206 4577332 112 2 
207 30 81 2 3 1 1 8 1 1 I  I 
2071 55 82 2 2 1 1 7 1 1 1 2 
200 126 59 6 394 112 2 1 21 
B Zircon C Tourmaline D flutilo 
Sta. .a 1 2 3 1 2 3 1 2 E P 	0 	H 	J L 
209 36 72 5 5 2 1 1 9 2 1 2 
210 4973423 1182 1 41 
211 9069322 9310 2. 
212 30 75 5 3 1 132 1 
213 167441 1 153 1 1 
214 12 71 1 1 2 1 17 3 1 2 1 
215 7474322 162 1 
216 118 74 2 2 1 18 1 2 
217 214 55 2 1 . 3 26 1 1 8 3 
218 19 79 1 1 1 1 12 2 1 2 
219 23 79 4 1 1 131 1 
220 29785 2 1 11 1 2 
221 16 68 3  42 1 14 1 4 1 1 
222 23 81 4  42 1 5 1 1 1 
223 26 80 3 32 1 8 1 1 
224 45734432 1 10 1 2 
225 4673436217 1 21 
226 68 73 2 2 7 1 1 7 1 4 2 
227 26 64 4 363 111 5 12 
228 432 48 5 2 11 2 24 4 3 
229 94 68 5 3 1 1 2 8 1 2 2 2 1 4 
230 5863327311311 51 
231 35695 66 2 161 1 	1  622 
232 42 744441171 1 111 
B Zircon C Tourmaline D Ruile 
tn. A 1 2 3 1 2 3 1 2 E P 0 	K 	J 	K L L1 
p 
233 88 63 4 5 5 1 1 11 1 4 3 2 
234 1315854511192 41 
235 44773131 121 2 
236 2136733 1(4 8 23 
237 35 63 3 1 2 1 27 1 2 
238 700 43 2 2 6 4 25 1 10 4 3 
239 122444355 28 36 11 
240 21 82 4 4 2 1 4 1 1 1 
240a 47 66 5 5 10 2 1 8 1 1 1 
241 512 33 6 2 14 4 1 24 4 8 3 1 
242 5151 335 1 19273 Ii 	1 11 2 
243 76614772 9511 21 
244 104713141 14 11 4 
245 149 61 4 4 10 4 1 9 7 
246 74 66 3 6 1 1 10 2 1 1 	1 P 	6 2 
247 724 60 5 5 15 5 10 
243 241699 12 4 9 5 1 
249 5068684117 1 1 21 
250 537 43 5 10 8 3 15 1 11 4 
251 243 62 6 1 5 5 9 2 7 2 
252 5478452 91 1 
253 74672483 101 1 4 
254 3877424 2 81 1 1 
D Zircon C Toura1iao D auti].e 
Btu. A 1 2 3 1 2 3 1 2 E P G H J X L 	U 
255 96 53 3 216 21132 1 61 
256 52 75 5 4 6 1 3 2 1 3 
257 3583422 1 5 1 1 1 
258 34 80 3 3 22 8 1 1 
259 47 70 3 3 6 2 10 1 1 P 4 
260 239 41 6 3 2 1 21 2 10 2 4 3 P 5 
2601 104402 3 1 1 30 1 1 65 1 P 6 1 2 
261 12 37 2 1 2 532 3 
262 20452345 2721 2 1  3 
263 74 70 2 1 2 15 1 3 1 P 3 2 
264 636631221151 3 13 2 
265 70683121 161 3 13 2 
266 175 70 2 7 5 1 8 1 4 1 1 
267 53 55 1 3 12 3 16 5 5 
263 400 37 2 2 21 25 3 6 4 
269 77802452 11 1 4 
270 96 79 2 1 5 1 8 1 1 1 P 1 
271 102 69 3 2 2 1 17 1 2 2 1 
272 109 57 1 4 12 2 1 14 2 1 1 P 4 1 
273 121 61 2 5 5 1 1 12 1 1 9 2 A 
274 8477533 1181 1 
275 40 11 1  1 6 73 6 2 
276 161 2 6 88 3 
B Zircon C Tovra1ino D Ruti1 
sta s A 1 2 3 1 2 3 1 2 B L 0 	H 	J K L 	L 
277 44 30 2 1 3 13 46 4 1 
278 47 66 2 18 8 3 3 
279 15 69 3 .5 1 11 1 4 4 1 1 
260 20 77 3 4 3 2 7 1 1 2 
281 21 12 3 12 69 4 
282 244 16 2 1 2 13 59 5 1 1 
283 35663 721 816 1 3 
284 80693 3 1 3 112 2 2 1 2 1 
285 146636 11 162 5 
286 89 73 3 3 4 2 1 11 1 1 1 
287 179 60 2 1 3 2 1 21 2 
238 46 79 1 2 1 1 1 12 1 2 
289 114 64 2 4 4 2 1 15 1 5 1 1 
290 600 14 2 1 5 3 6 46 1 6 	ii 5 
291 114668351 9 33 2 
292 450 65 6 3 4 2 10 2 3 3 2 
293 120 66 5 3 6 3 1 13 2 1 
294 59 62 2 1 3 4 17 1 10 
295 104797 31216 1 
296 300 58 7 3 1 2 11 4 4.A.20 7 3 
297 77 69 5 4 1 1 14 2 2 2 
298 9073 1 73 1 5 232 12 







1 	2 	3 
D Rutilo 
1 	2 E F 	G 	B 	J 	It 	L 	ti 
300 106684423 10124 2 
301 1 32 70 3 	511 13142 
302 105755532 6 111 IP 
303 54 50 4 	242 13 182 4 
304 158 25 1 	1 1 11 	1 57 2 	 1 
0. 
Doeoide No. 4 
B Zircon C Tourmaline D Rut]a 
Depth ! 	1 	2 	3 	1 	2 	3 	1 	2 E L 	G U J 	C L Li 
95 1046853711641 1 	1P I 
99 3 1 58 1 26421351 1 	2P I 
115 148 78 4 1 7 1 1 2 2 1 1 
135 105 69 1 4 9 2 1 2 8 
145 120 70 6 282 
.174 75 62 1 2 12 5 1 4 5 1 3 A 2 
200 408 63 5 3 11 4 4 3 2P 1 	1 
210 500 67 5 242 554 3 
20 111 57 1 2 23 5 2 2 2 1 2 
295 104765 24 9 2 
375 259 68 2 3 7 3 2 3 1 	4 P 3 
387 595 71. 5 3 6 3 8 4 
401 144 67 1 12 7 1 6 1 P 2 
427 116 61 6 1 14 3 1 3 9 1 	1 A 
455 82 68 7 2 3 3 5 11 1 
476 96606221 321 1 
495 638 75 9 3 3 9 1 
600 5575733 18 2 
645 84 71 4 1 4 1 2 16 1 
670 203733354 37 1 
699 60 80 3 1 2 1 2 10 1 
724 35737211 34 2 
B Zircon C Tourmaline D Rutile 
Depth Al 2 3 1 2 3 1 2 E F 	G 	H 	J 	K L 	Li 
727 104 60 6 2 4 1 4 3 1 1 19 
742 114 60  5 2 7 2 1 12 5 2 	4 
7551153224 184 1 53 1 1 424 1 
769 	45 74 1 241412 1 1 
782 10859240 6 1 7 3 1 1 	1A 	6 1 
785 170 60 3 6 9 2 3 2 6 1 	2P 	k 2 
APPENDIX IV 
HEAVY MINERAL CONTENT OF UPPER LIMESTONE GROUP, 
COAL MEASURES, AND OLD RED SANDSTONE 
Zircon C Tourmaline D Rutile 
5th. A 1 2 3 1 2 3 1 2 E F 0 E J R L 	E 
D 2  C 
1 2837322 1 30327 3 
2 33 48 6 1 5 1 1 8 7 17 3 
3166211542 2325 1 6 
4 48442374 471911 71 
5 2260724319 1 4 1 61 1 
6 34 62 5 5 5 4 1 7 6 1 1P 1 1 1 
7 282 27 2 1 3 '2 12 3 40 1 1 P 3 3 2 
8 22534 644 13 37 2 
9 66284373 1111 37 1 211 
10 19 15 1 1 1 3 4 74 1 
D5 
1 138463 2 6 3 iii 224 1 1 
2 94 28 5 1 11 6 3 21 3 21 IA 
3 59 21 1 1 3 2 7 3 50 1 2P 7 2 
U.O.RS. 
1 747 33 11 15 13 5 4 17 4 
2 608 20 12 8 9 5 5 35 3 3 
L,0.RS. 
1 29729542 29 11 20 
2 448 13 2 3 1 1' 2 51 2 14 11 
3 516 9 1 1 2 1 1 64 3 10 8 
